Response: Contributions of the Myf5-Independent Lineage to Myogenesis  by Haldar, Malay et al.
Developmental Cell
CorrespondenceResponse: Contributions of the
Myf5-Independent Lineage to MyogenesisMalay Haldar,1 Goutam Karan,2 Shuichi Watanabe,3 Stefan Guenther,3 Thomas Braun,3 and Mario R. Capecchi4,5,*
1Department of Pathology and Immunology, Washington University School of Medicine, St. Louis, MO 63110, USA
2MiRx Pharmaceuticals and Invenio Therapeutics, Lexington, KY 40502, USA
3Max-Planck-Institute for Heart and Lung Research, Department of Cardiac Development and Remodeling, Parkstrasse 1,
D-61231 Bad Nauheim, Hessen, Germany
4Howard Hughes Medical Institute, University of Utah, Salt Lake City, UT 84112, USA
5Department of Human Genetics, University of Utah, Salt Lake City, UT 84112, USA
*Correspondence: mario.capecchi@genetics.utah.edu
http://dx.doi.org/10.1016/j.devcel.2014.11.010Previously, independent work by our
groups (Gensch et al., 2008; Haldar
et al., 2008) has utilized the strategy of
conditional lineage labeling and ablation
using two distinct Myf5Cre mice (IRES-
based Myf5CreCAP by Haldar et al. and
Cre knockin Myf5CreSOR by Gensch
et al.), five distinct lineage reporters
(b-galactosidase expression from R26
promoter in R26LacZ mice, yellow fluores-
cent protein expression from the R26 pro-
moter in R26YFP mice, nuclear b-galac-
tosidase expression from the CAG
promoter in Pol2ranLacZ mice, alkaline
phosphatase expression from the CAG
promoter in Z/AP mice, and enhanced
green fluorescent protein expression
from CAG promoter in Z/EG mice), and
two distinct mouse lines expressing diph-
theria toxin conditionally from the R26
promoter (R26DTA by Haldar et al. and
R26LacZ-DTA by Gensch et al.) to demon-
strate the contributions of a Myf5-inde-
pendent lineage in myogenesis. An addi-
tional study predating these reports
demonstrated that selective ablation of
Myf5-expressing cells did not prevent
MyoD-dependent muscle differentiation
in an embryonic stem cell differentiation
model (Braun and Arnold, 1996). How-
ever, Comai et al. (2014) challenge our
conclusion that Myf5-independent line-
ages contribute to myogenesis.
Myf5, MyoD, Mrf4, and MyoG are the
major myogenic regulatory factors. We
previously demonstrated severe disrup-
tion of myogenesis by ablating the Mrf4
(Haldar et al., 2008) and MyoG (Gensch
et al., 2008) lineages using the R26DTA-
based system. We also show here a
dramatic muscle loss upon MyoD line-
age ablation using a newly generated
MyoDcre mouse (Figures 1A–1C). These
findings underscore the efficacy of theR26DTA-based lineage ablation and indi-
cate a greater contribution of the MyoD
lineage (compared to Myf5 lineage) in
myogenesis.
We also provide here additional evi-
dence for two distinct lineages that is
not based on an ablation approach.
Myf5/MyoD/ embryos are known to
have severe deficiency in myogenesis
(Kassar-Duchossoy et al., 2004; Rudnicki
et al., 1993). We generated a MyoDMyf5ki
mouse in which the endogenous MyoD
coding region was replaced byMyf5 cod-
ing sequence (Figure 1D). Myf5 expres-
sion in MyoDMyf5ki mice recapitulates the
endogenous MyoD expression pattern
(Figure 1E). Importantly, the expression
of Myf5 from MyoD locus in Myf5/
MyoDMyf5ki/Myf5ki embryos failed to rescue
myogenesis (Figure 1F). This suggests
that the gene expression levels and pat-
terns driven by the Myf5 and MyoD loci
are distinct.
Comai et al. (2014) report that skeletal
musculature at certain locations, such
as the esophagus, was consistently lost
uponMyf5 lineage ablation. Such consis-
tent ablation in some but not all locations
suggests a biological basis (rather than
a technical inconsistency, as claimed by
Comai et al.) regulating the differential
contributions of the Myf5 lineage to myo-
genesis at distinct locations. MyoD-ex-
pressing Myf5 lineage (reporter) negative
cells in Myf5Cre/+::R26DTA/+::reporter+/
embryos described by Comai et al.
contain the previously reported Myf5-in-
dependent lineage and comprise a rather
large fraction of the total MYOD+ cells
in the embryo. This is consistent with our
previous findings of significantMyf5-inde-
pendent lineages at this stage (Haldar
et al., 2008). However, the authors attri-
bute this reporter negativity to inefficientDevelopmental Cell 31,Cre-mediated excision of the floxed
stop sequences within Myf5 lineage. The
field recognizes potential concerns with
the use of these common genetic tools
(Cre-LoxP, DTA, lineage reporters, etc.).
Therefore, the main issue here is whether
the shortcomings of these genetic tools
can fully explain the presence of substan-
tial myofibers uponMyf5 lineage ablation.
Because MyoD, Mrf4, and Pax3 lineage
ablation by the same R26DTA-based sys-
tem efficiently abrogates myogenesis
(see above), the potential shortcoming
can be narrowed down to the expression
and activity of CRE within the Myf5 line-
age. It is unclear how CRE expression
fromMyf5 locus was sufficient to demon-
strate near-complete colocalization of
Pax7 or MyoD expression within the
Myf5 lineage in Myf5Cre::R26mTmG em-
bryos (Comai et al., 2014 and data used
as one evidence against the existence
of a Myf5-independent lineage) but was
insufficient in ablating Myf-5-lineage
in Myf5Cre::R26DTA as recombination
takes place in the R26 locus in both
R26DTA and the R26mTmG. In addition,
once recombined, the DTA expression
from R26 locus is sufficient to kill cells
(see above).
The authors claim that CRE expression
occurs only in a subset of Myf5-express-
ing cells by in situ hybridization (ISH)-
based detection of theMyf5 and Cre tran-
scripts in Myf5CreCAP embryos (Figures
4A, 4B, and S4D in Comai et al., 2014).
Because the Cre is part of a single bi-
cistronic RNA that also contains Myf5 in
Myf5CreCAP, differential detection of the
two transcripts likely reflects differential
sensitivity and specificity of the probes.
The authors further claim that Myf5
expression is downregulated in Cre-con-
taining alleles, based on the lower levelsDecember 8, 2014 ª2014 Elsevier Inc. 539
Figure 1. Generation and Analysis of the MyoDCre and MyoDMyf5ki Mice
(A) MyoDCre mice were generated by placing an IRES-Cre-FRT-Neo-FRT construct in the 30 UTR of the MyoD gene.
(B) X-gal staining of embryonic day 11.5 (E11.5) MyoDCre::R26lacz embryo demonstrates the expected pattern of MyoD lineage.
(C) Absence of myofibers in cross-sections of forelimb from a 14.5 days postcoitum (dpc) MyoDCre:R26DTA embryo, demonstrated by anti-laminin (green) and
myosin heavy chain (red).
(D)MyoDMyf5ki mice were generated by replacing 451 base pairs downstream of the translational start site of theMyoD gene with aMyf5-FRT-IRES-EGFP-FRT
construct.
(E) Costaining of forelimbs of 11.5 dpc embryos (cryosections) with anti-MYOD and anti-MYF5 antibodies. Several Myf5+ MyoD single positive cells were
observed in Myf5+/ embryos (yellow arrowheads). In contrast, Myf5 is present only in MyoD+ cells ofMyf5/ ::MyoDMyf5ki embryo (white arrows). No expression
of Myf5 is discernible in Myf5/ embryos. Scale bar, 25 mm.
(F) Costaining of forelimbs of 12.5 dpc embryos (cryosections) with anti-Pax7 and anti-MyHC antibodies. MyHC+ muscle cells and Pax7+ muscle-precursor cells
are abundantly present in limb (white arrows) and somite (yellow arrowheads) of heterozygous embryos. Note a severe reduction of MyHC+ and Pax7+ cells in
limbs of Myf5/::MyoD/ and Myf5/::MyoDMyf5ki/ Myf5ki mutants (indicated by **). Scale bar, 200 mm. FL, forelimb.
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toMyf5 (two-allele) transcripts, asdetected
by quantitative PCR in Myf5CreCAP/+
embryos. This claim must be substanti-
ated by careful comparison of Myf5 tran-
script levels between Myf5CreCAP and
Myf5+/+ embryos, which was not shown.540 Developmental Cell 31, December 8, 201We did not observe such an effect of
IRES on Myf5 expression after the
removal of neo cassette (Haldar et al.,
2008). In any case, such IRES-based
downregulation of Myf5 expression
cannot occur in the Myf5CreSOR allele,
where Cre is knocked into theMyf5 locus4 ª2014 Elsevier Inc.(Tallquist et al., 2000). Hence, the efficacy
of Myf5-driven Cre expression and activ-
ity remains largely unresolved.
The authors frequently rely on the ‘‘per-
durance’’ of b-galactosidase (b-gal) using
Myf5nLacZ and Pax7GPL as ‘‘lineage re-
porters.’’ Because both promoters are
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their activity in differentiated cells to
read out lineage may not be appropriate.
Subsequent to cessation of its expres-
sion, b-gal cannot exist forever. Hence,
‘‘perdurant’’ b-gal likely represents cells
in which CRE-based recombination has
recently occurred without enough time
for DTA-induced cell death. Additionally,
massive cell ablation is a highly nonphy-
siological situation in which expression
of the progenitor-associated genes may
extend well beyond their normal expres-
sion window to rescue myogenesis.
Hence, a large fraction of the reporter ac-
tivity during lineage ablation (the putative
‘‘Myf5 escapers’’) may represent recent
recombination events driven by ‘‘aber-
rant’’ Myf5 expression beyond its normal
expression window. Comai and col-
leagues also cite differential recombina-
tion at the reporter and DTA-containing
loci in R26DTA::R26mTmG mice as one
explanation for the existence of Myf5 es-capers. Absence of GFP in all tdTomato-
expressing cells (putative Myf5 escapers)
in the Myf5Cre::R26GFP-DTA::R26mTmG em-
bryos could have supported this idea but
was not attempted. Furthermore, using
the R26mTmG reporter, the authors
observe a significantly greater contribu-
tion of the Myf5 lineage than did our find-
ingswith thePol2raCAG-nLacZ reporter. The
reasons are unclear, because both the
Pol2ranLacZ and the R26mTmG reporters
are targeted constructs driven by CAG
promoter.
An important finding by Comai et al.
(2014) is that MyoD was not required
for the formation of myofibers upon
Myf5 lineage ablation, suggesting that
the Myf5-independent lineage does not
depend on the activity of the MyoD
gene. A functional redundancy with Mrf4
may underlie this phenomenon.
In summary, we believe that the
aforementioned analyses and the data
presented here support our previous con-Developmental Cell 31,clusions regarding the existence of Myf5-
independent lineage in myogenesis.REFERENCES
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